Highlights  1. CoNi2S4/Co9S8 composites were firstly synthesized by chemical bath deposition.
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Introduction
The reduced availability of fossil fuels and the soaring levels of air pollution require the development of the renewable and sustainable energy storage devices [1] [2] [3] . As a bridge of traditional electrostatic capacitors and rechargeable batteries, supercapacitors (also called electrochemical capacitors) have been considered as one of the most promising energy conversion and storage systems in virtue of their advantages of fast charge/discharge rate, long cycling lifetime, and ultrahigh power density [4] [5] [6] . It is believed that supercapacitors show huge promising applications in the field of electric vehicles, regenerative braking systems, uninterruptible power supplies and portable electronics [5, 7] . According to intrinsic energy storage mechanism, supercapacitors can be divided into electric double layer capacitors (EDLCs) and pseudocapacitors [8] [9] . The capacitance of EDLCs relies on the physical absorption/desorption of electrostatic charges from the surface of active materials, but pseudocapacitors can exhibit much higher specific capacitance through reversible Faradic reaction between electrode materials and electrolytes [8, [10] [11] [12] [13] .
Generally speaking, the performance of supercapacitors intensely relies on the property of electrode materials. Carbon-based materials have been predominantly used for EDLCs, such as mesoporous carbon, activated carbon, carbon aerogel, carbon nanotubes and graphene [14] .Transition metals oxides (such as MnO2, NiO, Co3O4, RuO2), chalcogenides (Co9S8, Ni3S2, etc), hydroxides [Co(OH)2, Ni(OH) 2, etc] and conducting polymers (polypyrrole, polyaniline, etc) have been intensively studied as electrode materials for pseudocapacitors [10, [15] [16] [17] . Among them, ternary nickel cobaltite sulfide (NiCo2S4 or CoNi2S4, denoted as NCS) have been recognized as one of the most promising candidates for electrode materials due to some special characters, such as high electrical conductivity, high electrochemical activity, environmental friendliness and low cost [18, 19] . Up to now, NCS have been investigated for potential applications in the field of lithium-ion batteries [20] , catalysts [21] and supercapacitors [15] . NCS with different nanostructures, such as nanowires [22] , hexagonal nanoplates [23] , urchin-like [18] , nanosheets [24] , and hollow microsphere [25] are particularly attractive for the application of supercapacitors. However, fabrication of NCS with a facile and scalable processing route is still challenging.
Hydrothermal (or solvothermal) method has been largely adopted for the synthesis of NCS at present. For example, Zhao et al. [26] synthesized cross-linked CoNi2S4 on SiC supporters by hydrothermal technology, and the CoNi2S4 showed high specific capacity (231.1 mAh/g at 2 A/g) and outstanding rate capability. Shen et al. [27] used a hydrothermal method to prepare CoNi2S4/CNT/graphene composites which had high specific capacitance (710 F/g at 20 A/g) and the capacity retained 82% after 2000 charging-discharging cycles. Li et al. [28] reported a solvothermal method to synthesize NiCo2S4 which had high specific capacitance of 1304 F/g at 2 A/g, excellent rate capability of 1116 F/g at 20 A/g. However, the disadvantages of the hydrothermal method such as long reaction time, high reaction pressure/temperature, and low production level greatly hinder large-scale production of NCS [29] . Hence, it is urgent to develop a facile and cost-effective method to synthetize transition metal sulfide. The chemical bath deposition method was traditionally regarded as an effective strategy to prepare films. For example, Karade et al. [30] as another hopeful electrode materials because of its high specific capacitance draw much attention, but its cycle performance hinder its development [32] [33] . Thus, the fabrication of CoNi2S4/Co9S8 (denoted as CNSCS) composites may be a desirable method to acquire comprehensively high-performance supercapacitors electrode materials.
In this paper, we proposed a facile chemical bath deposition method to fabricate CNSCS composites as high-performance supercapacitors electrode materials.
Combined with large specific surface area, appropriate pore size distribution and novel architecture, CNSCS composites exhibited high specific capacitance, excellent rate performance and outstanding cycling stability. Moreover, the effect of temperature on CNSCS's electrochemical performance indicated CNSCS can keep relatively stable in a wide temperature range.
Experimental

Materials and synthesis
In the preparation of CNSCS composites, 1.164 g Ni(NO3)2·6H2O, 2.328 g Co(NO3)2·6H2O, 2.243 g hexamethylenetetramine were dissolved in deionized water was prepared by similar synthetic process except the weight of TAA changed to 0.5g.
Characterizations
The crystal structure of the samples were characterized by X-ray diffraction (XRD, Bruker D8 Advance) using Cu Kα (λ=0.15418 nm) radiation in the range of 10°-80° with a step of 0.02°. X-ray photoelectron spectroscopy (XPS, Thermo ESCALAB 250XI) measurement was carried out on Al Kα source (hν=1486.6 eV).
The morphology and microstructure of the samples were directly examined by high resolution transmission electron microscopy (HRTEM, FEI Tecnai G20) and field emission scanning electron microscopy (FESEM, Hitachi S-4800). The Brunauer-Emmett-Teller (BET) specific surface area and Barrett-Joyner-Halenda (BJH) pore size distribution of the samples were measured by nitrogen adsorption-desorption isotherms (Quadrasorb evo, Quantachrome Instruments) at 77 K.
Electrochemical measurements
The electrochemical properties of CNSCS composites were evaluated by a conventional three electrode system using electrochemical workstation (CHI660E, Shanghai Chenhua). The working electrode was prepared by mixing active material, acetylene black, polyvinylidene difluoride binder at a weight ratio of 8:1:1 with Nmethyl-pyrrolidone. The prepared slurry was firstly coated onto the nickel foam and then dried at 60 °C for 12 h in a vacuum oven. Then the nickel foam was pressed under a pressure of 10 MPa for 10 s. Platinum foil (15×15 mm) and Ag/AgCl (sat. KCl) were used as counter and reference electrode, respectively. 3M KOH was used as aqueous electrolyte. The different temperature tests were conducted at water bath kettle. CoNi2S4 and combined with a small amount of Co9S8. So the samples we prepared can be assigned to the composites of CoNi2S4/Co9S8. For comparison, the CoNi2S4 was synthesized and its XRD pattern is shown in Fig. S1 .
Results and discussion
The surface composition and valence of the CNSCS composites were further tested by XPS, and the corresponding results are presented in Fig. 2 . As shown in Fig. 2a , the composites are mainly composed of Ni, Co and S element. The Ni 2p, Co 2p, S 2p spectra were individually fitted by Gaussian method in terms of spin-orbit doublets and shake-up satellites (marked as "Sat"). In Fig. 2b , Ni 2p spectrum can be fitted with two spin-orbit doublets and two shake-up satellites. As for Ni 2p spectrum, the binding energies situated at around 853.2 and 872.5 eV of the first doublet correspond to Ni 2+ and those at around 855.8 and 873.5 eV of the second doublet correspond to Ni 3+ [34] [35] [36] . Regarding to Co 2p spectrum (Fig. 2c) To investigate the porous structure of the sample, the specific surface area and pore size distribution of CNSCS composites were investigated by nitrogen adsorptiondesorption analysis and the results are shown in Fig. 4 . As shown in Fig 4a, the nitrogen adsorption-desorption isotherm belongs to Langmuir H4 type isotherm that has an obvious hysteresis loop in the range of 0.6-1 relative pressure, which indicates the mesoporous characteristic of the sample [39] . The BET specific surface area of the sample is calculated to be 57.9 m 2 /g, which is larger than most of the reported values [35, [39] [40] 42] . The pore size distribution estimated by BJH method mainly distributes in the range of 1~4 nm and centered at 2.5 nm, suggesting its large specific surface area. The mesoporous structure combined with large specific surface area is quite advantageous to endow ample electroactive sites and shorten the charge/ion transport path which is extremely beneficial for Faradaic redox reaction.
The electrochemical properties of CNSCS composites were tested by cyclic voltammetry (CV), galvanostatic charge/discharge (GCD). Fig. 6b ). The specific capacitance deceased with the increasing current density, which was induced by mass transport limitation and IR drop increase [42] . Clearly, compared to specific capacitance delivered at 2 Ag -1 , the electrode displays an excellent capacity retention rate of 74.9% after tenfold current density increment, which implies its potential for high rate application. The specific capacitance and rate capability is superior to the most results of NCS from literatures, as shown in Table   S1 .The remarkable pseudocapacitive performance of CNSCS composites can be attributed to the following two factors. Firstly, the synergistic effect of nickel and cobalt ions leads to high specific capacitance. Secondly, the special 3D architecture and high porosity enable the electrolyte to penetrate easily into core region along with richer redox active sites for Faradic reactions. Moreover, the electrochemical performance of CoNi2S4 is shown in Fig. S2 . From the GCD curves, the specific capacitance value of CoNi2S4 is 1144. To evaluate the cycling stability of the CNSCS composites, repeated GCD measurements were performed at a large current density of 12 Ag °C, the degradation of specific capacitance at 0°C is only 6.5% and the specific capacitance at 50 °C only increases 14.6%, which indicates the stable performance of electrode in a wide temperature range.
Conclusions
In summary, CNSCS composites were successfully synthesized by a facile chemical bath deposition strategy. Owing to the large specific surface area (57.9 m 2 /g), appropriate pore size distribution, special 3D architecture and synergistic effect of Co/Ni ions, CNSCS delivered high specific capacitance of 1183. 
